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This thesis is dedicated to the numerous citizens of the societies in the
developing countries, where religiously ascribed empathy and cultural
expressions to the animal species in a shared ecosystem need equal (if not more)
conservation attention.
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I have no words to describe the feeling, having witnessed the local extinction of vultures and
many other species of birds. If I try, I can only equate this loss with the death of someone
close.

You can’t describe (model) the griefin words!
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Abstract

Rapid worldwide urbanization is generating a steep growth in studies on urban ecology, but tropical cities
have had extremely scarce attention. To fill this gap of knowledge, in this thesis, I studied a dense population
of an avian predator and facultative scavenger, the Black Kite Milvus migrans, breeding within Delhi, a 16-
million-inhabitants megacity. I studied the ways in which this species managed to adapt, respond and exploit
such an extreme urban environment by running analyses at individual as well as population-level, through
sampling at 28 independent plots, stratified and (randomly) scattered, to cover all the urban configurations
present in Delhi. In particular, I focused on the dependence of this population on anthropogenic subsidies,
afforded as human waste (in the streets or at refuse tips) and as intentional “ritual offerings™ of meat scraps
for religious purposes, especially by people of Islamic faith that are concentrated in “Muslim settlements”. I
found that the kite breeding population was stable over the past five decades, with a diet strongly dominated
by human subsidies, especially ritual offerings, and with an extremely high density that makes it the largest
raptor concentration of the world. Kites were not randomly distributed in the city but over-selected areas with
high human density, poor waste management and a road configuration that facilitated ready access to
resources provided by humans, in particular to Muslim colonies that provided ritual subsidies. Rather than a
nuisance to avoid, as previously portrayed, humans were thus a keenly-targeted foraging resource. These
individual-level preferences translated into population-level effects, with kite density tightly tied to Muslim
subsidies. This relationship was further modulated by nest-site availability, mainly in the form of tree
availability, which paved the way to potential population-manipulation through tree management. Ecological
responses were accompanied and mediated by behavioural adjustments to the urban gradient, which not only
provided adaptive benefits but also generated potential conflicts with humans. In particular, offspring defence
was finely-tuned on human subsidies, probably as a result of the associated parental investments and
familiarity with humans. In its most extreme form, nest defence led to attacks on humans, sometimes with
serious physical harm. I show that such aggression was tied to frequent exposure to humans by kites while
accessing their ritual subsidies and by constant close proximity to them while breeding, as caused by local
architecture (balconies in the immediate proximity of nests). Despite the conflict, I also report the extremely
benevolent attitudes of local people to the attacking kites, typical of southern-Asian cultural beliefs, but
extremely unusual for western urban standards. Finally, I show how the stunning predator densities observed
in Delhi are generated by the local breeding subspecies, but also by thousands of Black-eared Kites of the
migratory M. m. lineatus subspecies that settle in Delhi during their wintering, non-breeding period. Through
GPS-tagging, I found that they migrate to Delhi from their breeding quarters of Russia, Kazakhstan, China
and Mongolia through a 3300-4700 km migration in which they regularly cross the Himalaya range at
elevations of up to 5000-6000 m a.s.l., an aspect hitherto unknown. I discuss all my findings in terms of their
contribution to broadening our views of urban ecology so that it is more inclusive of patterns and processes
that better characterize the tropical cities of non-western nations. In particular, all my results stress the

overriding importance of incorporating human socio-cultural factors in urban ecological studies.
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General Introduction
Urbanization has achieved a major landmark in its history with the majority of people now
living in cities (United Nations, 2014). Despite well recognised threats of rapid urbanisation to
biodiversity, there remains a paucity of ecological studies from tropical megacities. These cities
are supposed to face the burden of persistent and steeply growing urbanization over the coming
decades. This problem takes on yet further dimensions in the context of ever increasing
technological changes (e.g. over ground power transmission line networks, mobile towers, wind
turbines, high rise buildings with intense lights, etc.). Rapid urban sprawl has consequent
impacts on the energy flow and nutrient cycles of urban ecosystems, which further get
accentuated by a rise in the built up area and habitat degradation (e.g. McKinney, 2010; Pickett
et al., 2001).
A wide variety of organisms, and many birds, have co-existed with humans for centuries
as urban exploiters or anthropo-dependent commensals (Hulme-Beaman et al., 2016).
However, a subtle oversight regarding effect of increased urbanization is reflected in the
changing direct and indirect contact these ‘citizens’ have with nature, as cities becomes sinks
to the immigrating humans from the rural areas (Crane & Kinzig, 2005). As a long-term effect,
it is likely that socio-cultural shifts will increase urban-versus-rural disagreement on priorities
for backyard biodiversity. This disagreement is even further reflected in urban political ecology
which factors decisions constituting ‘appropriate’ wildlife or habitat management. While urban
ecological research has already investigated various selection pressures offered by urban-rural
gradients within human dominated systems, research on tropical urban ecosystems and their

constituent components has been scanty (Crane & Kinzig, 2005). In such a context, studies on



the organisms which form the apex trophic level in urban ecosystems become extremely
important.

Birds exhibit some of the most spectacular spatial displacements to accomplish their
daily and periodic activities (e.g. Newton, 2008). Owing to the stringent and acute requirements
through these journeys, they have recently become a good model system to study anthropogenic
impacts due to shifts in their phenologies and life history parameters (Tryjanowski et al., 2013).
Rapid restructuring of urban biological communities (e.g. sympatric competitors, facultative
migrant scavengers), and stochastic shifts in the role of anthropodependent species (see Hulme-
Beaman et al., 2016) are a major concern for rapidly populating cities in the global South
(United Nations, 2014). Compared to their rural counterparts, these long and short-term changes
modify the behavioural profiles of the individuals interacting with urban ecosystems (Isaksson
et al., 2018). Therefore, studies involving commensal birds as model species offer opportunities
to investigate the proximate drivers of evolutionarily crafted daily and periodic life history
strategies. While research on urban ecology grows exponentially (e.g. Mayer, 2010), most
studies have focused on cities of the developed world, which may function in profoundly
different ways compared to those of developing countries. In particular, there is a paucity of
intensive studies conducted in tropical regions (a severe deficiency highlighted by many
reviews, (e.g. Chace & Walsh, 2006; Magle et al., 2012; Marzluft, 2017), despite the fact that
rapid urbanization is heavily concentrated in such areas (Grimm et al., 2008; Malakoff et al.,

2016).



In the Indian megacity of Delhi, tens of thousands of Black Kites (Milvus migrans,
hereafter “kite”), live on the food and other waste made available to kites in intentional and
unintentional manners by more than 16 million people. This is probably the largest raptor
concentration in the world (Galushin, 1971; Kumar et al., 2014; Naoroji, 2011). By scavenging,
and therefore removing waste, kites provide services essential to the health of urban people,
both locally and in much of the developing world. Thus, birds such as vultures and kites acquire
special significance for people (Ninan, 2009). However, the cultural value of birds in general,
and of these commensal birds of prey in particular, extends far beyond the utilitarian. Because
south Asian socio-religious diversity, complex interplays of colonization, modernization,
urbanization, and technification, have, over four centuries, caused biological extinctions and
severed many connections people enjoyed with nature, the disconnection occurring today is
unprecedented (Louv, 2006). To address these dynamics, I proposed this interdisciplinary study
to document key aspects of cultural knowledge and response to a prominent raptor species in
Delhi. Focusing on the experience and traditions of residents of historical Muslim
neighbourhoods, I investigated the ecological consequences of these important bird-human
relationships. By bringing local perspectives into the available research on urban ecology, |
aimed to seed important, two-way relationship of perception: from the side of a facultative
scavenger as it adapts to a typical urban life, and the citizens responding to their presence. The
quintessential rationale of this research programme was adding quantitative estimates to aid our
understanding of the role of human socio-cultural behaviour in shaping urban ecology, by

documenting folk-culture and history of valuing diverse ecological knowledges.



The significance of Delhi

Delhi is a megacity of more than 16 million inhabitants, currently covering an area of 1500 km?
and in constant, rapid expansion (Census organization of India, 2011). Predicted to be the largest
global megacity by 2050 with more than 50 million inhabitants, it is polycentric and
heterogeneous, with a multitude of juxtaposed biocultural contexts. One such juxtaposition is
the close association of abattoirs and Muslim communities (Sharan, 2014). Urban scavengers
such as kites and vultures have historically functioned as vital commensals as they quickly
remove meat offal from meat-processing areas. Two aspects of Delhi are important for human-
bird interactions (Kumar et al., 2018). First, large areas, usually overlapping with dense human
settlements, have poor solid waste management, which affords abundant food such as carrion
and organic refuse to animals (e.g., rodents, crows, sparrows, pigeons etc.). Secondly, people
(primarily in Muslim communities) engage in a centuries-old practice of feeding meat scraps to
kites (so called “ritualized feeding”). These offerings are made for a variety of reasons, such as
asking for blessings and relief from sins and worries (Pinault, 2008). Thus, waste management
issues common to all communities, and cultural rituals which are more specific to some,
generate spatial heterogeneity in the potential food availability for birds, and constitute a
positive feedback loop between ecosystem services and cultural perceptions inducing reverence
for these birds. Most importantly, prior quantitative data for this biogeographic region are
extremely scarce and previous studies on kites in particular, all of them conducted in the 1970s,
have focused on: (1) a coarse estimation of the size of the overall Delhi population (Galushin,
1971), and (2) data on the breeding ecology of a single high-density colony located in the Delhi

Zoo (Desai & Malhotra, 1979).



The significance of Black Kites (in context of the recent local collapse of
White-backed Vultures)

The Black Kite is a medium-sized opportunistic scavenger, widely distributed throughout
Eurasia, Africa and Australia, and considered to be the most successful raptor in the world. Its
relationship with humans ranges from active avoidance in Europe to close coexistence with
them in Afro-Asia, and the species is synanthropic in India as a city scavenger (Ferguson-Lees
& Christie, 2001), occurring in close association with people in towns and cities. Kite
distribution and abundance have likely responded to changed spatial distributions of habitat and
food sources within Delhi, and may have acquired a portion of the niche previously occupied
by vultures prior to their population collapse (see below) in the Indian Subcontinent (Prakash
et al., 2003). Kites also contribute by predating rodent pests with consequent benefits for human
health (Kumar et al., 2014). In Delhi, kites sometimes form loose colonies, locally reaching
extremely high densities thanks to their use of human food ‘subsidies’ facilitated by inefficient
refuse disposal and by religious kite-feeding practices. These large-scale subsidies may explain
Delhi’s capacity to host what is probably the largest raptor concentration in the world (Kumar
etal., 2014, 2018).

As this thesis deals with a facultative scavenger species, spending a few words on the
recent Indian vulture crisis seems necessary. The Indian sub-continent has been home to nine
species of vultures. However, by the year 2000 the region virtually lost its principle avian
scavenger, the White-backed Vulture Gyps bengalensis (Prakash et al., 2003). The densest
livestock population in the world, maintained under poor sanitation around human habitation
(Ministry of Agriculture, 2012), allowed vulture populations to thrive in Delhi. Estimated at

over 40 million individuals in the country, they primarily occupied all the landfills and carcass



dumping locations of the Delhi capital. Since about 1990, however, vulture numbers have
declined by 97% because of carcasses that often contained the veterinary drug Diclofenac,
which is fatal for vultures (Prakash et al., 2003). The collapse raised serious issues for waste
management and human health, but has also affected the people dependent on its eco-cultural
services, e.g. the Parsi community who practiced dokhmenishini (“sky burials”: see van Dooren,
2010). In urban areas, while the vulture niche has been partially filled by kites and dogs
(Markandya et al., 2008), citizens still actively associate the act of scavenging with vultures.
Although a ban on Diclofenac and emergency conservation-programmes have been enacted in
breeding areas, recovery of the vulture population is still far off. Through this thesis, and under
the vision of a long term project in general, I aimed to investigate the ecology of the new main
scavenger species of the Delhi urban ecosystem after the vulture collapse. This project also
aimed to identify people's perceptions and knowledge of vultures’ loss, their response to this
population collapse, and acknowledgement of any associative changes in kite numbers at the

landfill and in the city in general.



Aims and structure of this thesis

This thesis aimed to investigate the adaptations of a medium-sized raptor to a highly urbanized
landscape and the variation of its outcome in terms of breeding success. I dedicated a special
focus to the impact of urban structures and waste disposal systems to investigate the relationship
between Black Kite density, breeding success and urban planning. The dissertation was planned
as a comprehensive assessment of the response of Black Kites to an urban gradient within the
megacity of Delhi. The study, currently monitoring the seventh breeding season of resident
breeding kite populations in Delhi, is based on a framework of survey-plots that covers most of
the observed urbanization gradients, ranging from fully rural to intensively urban settings. Field
activities were structured to cover the whole gradient in a continuous manner, i.e. with points
scattered all along the gradient rather than through a simplistic dual comparisons between urban
vs rural sites. Supplementary material for each data chapter has been provided after the
references. Credits for the images, data and figures used in the thesis have been mentioned,

unless they are my own. Below, I briefly expose how the thesis has been structured.

1. Chapter 1 introduces and quantitatively describes the natural history and breeding ecology
characteristics of the study population of the resident Black Kite subspecies Milvus migrans
govinda. Here, | report comprehensive quantitative data on density, nest spacing, phenology,
breeding success and diet. Subsequently, I compare the current estimates with historical records
and with studies on other kite sub-species. This chapter, already published in the journal Bird

Study (https://doi.org/10.1080/00063657.2013.876972), is presented in this thesis with an

updated sample of 780 nests monitored through the breeding seasons of 2013 - 2018.



2. In Chapter 2, I examined the urban, ecological and human factor that affect nest-site
selection along the urbanization gradient, as tested through the comparison of breeding habitat
attributes between 154 kite territories and 154 random locations. In addition, I examined the
effect of these variables on breeding success and on the rate of territory occupancy, used as an
estimate of territory quality. This chapter has already been published in the journal Urban

Ecosystems (https://doi.org/10.1007/s11252-017-0716-8)

3. In Chapter 3, I focused on a behavioural trait that may mediate kite responses to urbanization,
namely the protection of the offspring by parents when “threatened” by humans approaching
their nest. This chapter has already been published in the journal PLoS ONE

(https://doi.org/10.1371/journal.pone.0204549).

4. In Chapter 4, I examined the consequences of human-kite interactions, focusing on the
peculiar case of aggressive attacks towards humans by kites when defending their nestlings.
Here, I modified the analysis of Chapter 3 to compare aggressive pairs that attacked humans
with non-aggressive pairs while controlling for the confounding effects of territory quality,
season, and previous research-visitation. This chapter is in press in the journal Scientific

Reports (DOI:10.1038/s41598-019-38662-z).



5. In all previous chapters, the focus has been mainly on individual-level responses to
urbanization. In Chapter 5, I tested how population-level density responds to urbanization.
Here, the large number of plots sampled through the years along the whole urbanization gradient
allowed me to apply multivariate models and examine which components of urbanization affect
population-level properties. This chapter will build heavily on the analyses of Chapter 2 on
individual-level nest-site selection, up-scaling them to the population-level. This chapter is

currently submitted to a high-ranking journal with a broad ecological audience.

6. Chapter 6 is the last data chapter and is based on GPS-tagging of the migratory lineatus
subspecies of the Black Kite. Thousands of individuals of this kite subspecies winter within
Delhi, in sympatry with the govinda subspecies, which is the main subject of this dissertation.
Chapter 6 will be soon submitted to a general ecological journal. Note that during the thesis
development, I had occasion to participate to a paper that is directly related to Chapter 6 and
which assessed the potential impact of GPS-tagging on Black kites, using data from an intensive
tracking-study on a Spanish population. I participated to the statistical analyses of this
assessment, as part of my training into radio-tagging, afforded by Dr. F. Sergio and his research
group, and aimed at familiarizing myself with radio-tagging techniques and GPS-data
processing in order to re-apply these techniques to my Delhi study population. The assessment
led to a co-authored paper published in the Journal of Applied Ecology (reference: Sergio, F.,
Tavecchia, G., Tanferna, A., Lopez Jiménez, L., Blas, J., De Stephanis, R., Marchant, T.A.,
Kumar, N. & Hiraldo, F. 2015. No effect of satellite tagging on a raptor survival, recruitment,
longevity, productivity, social dominance, and its offspring provisioning and condition. Journal

of Applied Ecology 52: 1665-1675; https://doi.org/10.1111/1365-2664.12520)




In the Final Section (Synthesis), I recapitulate the findings of all the six data chapters, framing
the thesis as the beginning of a long-term study on this species response to urbanization. In
particular, I also outline some of the future research themes that I am already developing as part
of the ongoing Phase V (2018- 2020) of the Black Kite Project, funded by the Raptor Research

and Conservation Foundation of Mumbai (India) and by the Wildlife Institute of India.
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Chapter 1

Density, laying date, breeding success and diet of Black Kites Milvus
migrans govinda in the city of Delhi (India)
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Originally published on January 17, 2014; Volume 52, Bird Study.
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Abstract

At 16.67 nests/km?, the breeding density of Black Kites in Delhi (2013- 2015), India, arguably
represents the highest concentration of a medium sized raptor recorded in the world (Galushin,
1971). This study aimed to estimate the density, phenology, breeding success and diet of Black
Kites in Delhi through a network of 28 sample plots of 1km? distributed throughout the city. A
sample of more than 150 nests was checked regularly to record laying date, breeding success
and diet and other nesting ecology parameters. These data were collected to test the hypothesis
that Black Kites nesting across these sample plots face marked variation in terms of
opportunities and challenges, and this would be reflected in their breeding performance. The
surveys done through 2013-2015 found average density estimates to be 16.67 + 7.9 nests/km?,
comparable to previous studies values, and ranging from 0 nests/km? to 118 nests/km? across
the sampling plots. The majority of nests were on trees and the rest on electric pylons and
telephone towers. Mean laying period was late January- early February each year and the laying
season was protracted over the five winter-spring months (December — April). The mean
number of fledged young was 0.62, 0.89 and 1.33 per territorial (n = 780, from 2013- 18),
breeding and successful pair respectively. Diet was dominated by scavenged meat and by rats,
pigeons and doves abundant in the city. This stability in kite density is probably promoted by a
combination of (i) availability of rubbish, (ii) few predators and (iii) high tolerance by people.
The conservation status of this raptor seems satisfactory, but removal of mature trees for rapid
development may result in local declines or re-distributions, suggesting the need for continued

monitoring.
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1.1. Introduction

The Black Kite Milvus migrans is a medium-sized raptor, currently considered as one of the
most numerous and successful birds of prey of the world (Ferguson-Lees & Christie, 2001). It
is a generalist, opportunistic feeder, capable of reaching extremely high densities where food
concentrations allow it (e.g. review in Malhotra, 2007; Sergio et al., 2005) and may occupy
habitats which range from fully natural to completely urban (Ferguson-Lees & Christie, 2001;
Ortlieb, 1998). Such adaptability allows it to exploit human-modified habitats, affording the
Black Kite, a generally favourable conservation status, with frequent reports of recently
increasing populations, despite some local declines (e.g. Bijlsma, 1997; Sergio et al., 2003;
Thiollay & Bretagnolle, 2004). This capability to adapt to human landscapes reaches its extreme
in populations that nest in fully urban conditions, as frequently observed in Asia and Africa (e.g.
Ali & Ripley, 1983; Brown et al., 1982; Desai & Malhotra, 1979; Naoroji, 2006). In these
settings, kites are reported not only to use the urban ecosystem for nesting but also for feeding
on human offal, road kills, animal carcasses and rubbish, sometimes forming spectacular
concentrations of thousands of individuals at rubbish dumps of large cities (Brown et al., 1982;
Malhotra, 2007; Naoroji, 2006; Owino et al., 2004). When these dumps are located in the
proximity of airports, the concentration of kites often generates serious management problems
because of the risk of collisions with planes (e.g. Owino et al., 2004; Satheesan, 1996). It is
remarkable that, despite its overall abundance and frequent proximity to humans, Black Kites
have very rarely been studied, except for two or three intensively investigated populations, all
of them located in Europe and in non-urban settings (e.g. Blanco, 1997; Sergio et al., 2003,

2011; Vinuela et al., 1994).
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In the Indian subcontinent, the govinda sub-species is well distributed with dense
populations in all the major urban centres (Naoroji, 2006). This has attracted many anecdotal
observations, as reported in several issues of the Journal of the Bombay Natural History Society
(e.g. Abdulali, 1968; Ali, 1926; Fischer, 1906, 1972; Hanxwell, 1892; Mahabal & Bastawade,
1985; Malhotra, 1991). However, quantitative data for this biogeographic region are extremely
scarce and previous studies, all of them conducted in the 1970s, have focused on: (1) a coarse
estimation of the size of the overall Delhi population (Galushin, 1971) and (2) data on the
breeding ecology of the high-density colony of the Delhi Zoo (Desai & Malhotra, 1979). Here,
I report comprehensive quantitative data on the density, nest spacing, phenology, breeding
success and diet of a fully urban population located within Delhi, India. I then compare the

current estimates with historical records and with studies on other kite subspecies.

1.2. Materials and Methods
Study Area

This study builds on work previously undertaken while I was a M.Sc. student at the Wildlife
Institute of India, Dehradun. It began at 24 sampling units of 1 km?, the area which is regularly
monitored each year to document annual variations while each year eight to ten new sampling
units are added in the survey scheme. These new plots are monitored only for one year with an
aim to have 50-60 plot based uniform coverage for 1500 km? of Delhi by the end of the field
work. In each such plot, whose pseudo-replicated number now totals to 79, Black Kites were
surveyed through the period 2013 - 2018 (details below, see Appendix). Delhi is a mega-city of
16 million inhabitants in constant, rapid expansion (Census organization of India, 2011). The

overall city comprises both urban and semi-urban areas under poor solid waste management,

17



which affords plenty of food to Black Kites in the form of rubbish, carrion and remains from

slaughterhouses.

The climate is semi-arid, with a mean annual precipitation of 64 cm, mainly
concentrated in July and August. Temperature ranges from a mean maximum of 39.6° C to a
minimum of less than 8.2° C in the winter (http://amssdelhi.gov.in/climatology/sfd1.htm). The
vegetation of the general region falls within the “northern tropical thorn forest” category

(Champion & Seth, 1968).

Field Procedures

Because many areas of the city were private properties not accessible to the public, it was
impossible to design a very large continuous study area. Also, because Black Kites in the area
can attain extremely high densities, a large number of small plots distributed over a wide area
were judged to be better suited to sample all available conditions than a single continuous plot
of necessarily limited extension. Therefore, a network of 28 sample plots was designed, each
one of approximately 1km?, of homogenous accessibility and distributed throughout the city to
cover all types of potential nesting habitats. However, a standardized shape or a standardized
surface of 1 km? could not be obtained for all plots because of constraints imposed by private
properties and logistical difficulties of access. Private properties had similar landscape features
to the surrounding areas of the city and I am confident that their exclusion did not bias the
density estimates. However, because of the above, nests which were located at the periphery of
each sample plot were not employed to generate estimates of nest spacing (nearest neighbour
distance, henceforth referred as NND), unless a complete nest census had been conducted also

for the area bordering the quadrat.
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I surveyed each quadrat repeatedly every few weeks, starting from the pre-incubation
period, by walking slowly and carefully inspecting all potential nest structures (trees, buildings,
towers etc.). Structures were classified as active nests when a kite individual or pair was
repeatedly observed to perch in the nest or its immediate surroundings, or to add material to the
nest. Once found, nests were checked by climbing to them, observing them from nearby vantage
points, or through an eight-meter telescopic rod equipped with a video-recording camera. Nests
were checked approximately every eight days. However, because of time, safety, accessibility

and manpower limitations, data on breeding success could not be collected at all nests.

A nest was classified as depredated if | found remains of plucked chicks. Cases of brood
reduction (death of one chick, often caused by its siblings, subsequently fed to other nestlings)
were not classified as predation events. Hatching date was calculated by backdating from feather
development of nestlings first observed when < 15 days old and in comparison with reference
information in Desai & Malhotra (1977), Cramp & Simmons (1980), Hiraldo et al. (1990) and
personal data by one of the supervisors (FS). Laying date was estimated by subtracting 30 d,
the average incubation period (Vinuela, 1997), from hatching date. During each visit, I collected
prey remains found inside and under nests and identified them to the genus or species level
assuming the smallest possible number of individuals. These items were used to estimate each

prey percentage contribution by number or by mass to the diet of Black Kites.

Following Steenhof (1987): a territorial pair was one that built a nest irrespective of
whether it then laid a clutch; a breeding or reproductive pair was one which laid eggs; a
successful pair was one which raised at least one nestling until it was 40 days old (the chicks
fledge when they are 50 days old); and breeding success was the percentage of successful

territorial pairs. There was no need to correct the estimates of breeding success through

19



Mayfield estimators, because all plots were surveyed repeatedly since pre-lay, and because nests
were easy to find and were checked very frequently (approximately every eight days). Density
was calculated as the number of territorial pairs per unit area and expressed as the number of

pairs/km”. The difference in breeding success between nests located in trees and nests built
on artificial structures was tested by means of a Z-test (Zar, 1984). Throughout, means are

given + 1 SE, tests are two-tailed, and statistical significance was set at a < 0.05.

1.3. Results

Cumulatively, I censused 632 Black Kite nests through 2013 —2015. Out of these, 595 (94.1%)
were located on trees and 37 on artificial structures (electricity pylons and telephone metal
towers). Overall, out of the 595 tree nests, 27.9 % were built on Eucalyptus spp., 25.6 % on
Ficus spp., 9.8% on Neem (Azadiracta indica), 9.2 % on Vilayati Keekar (Prosopis juliflora),
9.1 % on Jamun (Syzygium cumini) and 18.5% on other tree species such as Alstonia scholaris,
Bombax ceiba, Dalbergia sisoo etc (Fig.1.) The mean nest density was 16.67 £ 7.9 pairs/km?
and varied between 0 and 118.3 nests / km? (n = 28 plots). Mean nearest neighbour distance for

the sampling done in 2013 was 133 + 15 m and ranged between 5 and 2315 m (n = 207 pairs).
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Substrate for 632 Black Kite nests (2013 - 2015)
35

30
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Eucalyptus Ficus  A.indica S.cumini P.juliflora Other Spp. Pylon

Percent Nests (2013 - 2015)

Tree species / Artificial structure

Fig.1. The percent usage of trees and pylons as nesting substrate by the Black Kite
population of Delhi (India) in 2013 - 2015 (n = 632).
During 2013-2018, a sample of 780 nests was closely monitored for breeding success.
The overall mean laying date was 2nd February (n= 521, SE = 2 days; range 12 December -13
April) and the laying season lasted almost four months each year, with a pronounced peak
between the second half of January and first half of February (Fig. 2), a pattern repeated in 2014
and 2015. For a subsample of 151 nests in 2013, when mean monthly temperature and rainfall
were superimposed on the laying frequency (Fig. 3), kites seemed to concentrate clutch
initiation before the temperatures became excessively high and before the start of the Monsoon
rains in June-July. The percentage of clutches initiated each month in 2013 was negatively
related to the minimum monthly temperature (linear regression: B=-1.37+0.35; B for constant
=34.21 + 7.14; n = 12; Bonferroni-corrected P = 0.006; R*> = 0.56) and quadratically related to
the maximum monthly temperature (quadratic regression: B for linear term = - 11.86 + 3.66;

Bonferroni-corrected P = 0.02; B for quadratic term: = 0.17 + 0.06; Bonferroni-corrected P =
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0.02; B for constant = 211.37 £ 54.04; n = 12; R? = 0.77), while egg laying stopped with the

commencement of the rains and was initiated again only after the monsoon season. Finally, the

number of young fledged by each pair declined with laying date (linear regression: B = - 0.13

+0.03; B for constant = 1.66 £+ 1.77; n = 65, P = 0.001; R =0.17).
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Fig. 2. Temporal frequency of laying dates in the Black Kite population of Delhi

(India) in 2013 (n = 65).

Mean clutch size for 2013 — 2018 was 2.13 + 0.06 (n = 521). Mean hatching success

was 84 £2.2 % (n= 521 nests). The mean percentage of nestlings lost by brood reduction during

2013-18 was 0.28 + 4.48 per brood (n = 568 nests). The mean number of fledged young during

2013 -18 was 0.62 per territorial pair (n = 780), 0.89 per breeding pair (n = 521) and 1.33 per

successful pair (n=308). In 2013, forty-eight percent of territorial pairs successfully raised their

nestlings to fledging age (n = 151). This value was 55.52 % for 2014 and 39.2% for the 2015
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monitoring. Cumulatively, the overall breeding success for a sample of 780 nests (2013- 2018)
was 39.49%. For the sampling in 2013, there was a trend for breeding success to be higher for
nests on trees than for nest on the artificial structures (46 % vs. 27.8 %; Z = 1.8, P =0.07, n for

tree-nests = 130, n for artificial substrate = 21).

3.1 Diet
Kite diet included all vertebrate classes but was strongly dominated, both by mass and number,
by three main items: (1) remains from slaughterhouses, mainly in the form of compact chunks

of meat; (2) rats; and (3) medium-sized urban birds, such as doves and pigeons (Table 1).
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Table 1. Diet of breeding Black Kites in Delhi, India (2012-13), as estimated by food remains

collected inside and under the nest.

Prey category Frequency by number (%) Frequency by mass (%)
Fish 0.8 1.0
Amphibians ° 0.7 0.7
Reptiles ¢ 0.7 0.3
Birds 24.6 31.9
1) Rock Pigeon (Columba livia) 13.1 16.2
i) Collared Dove

(Streptopelia decaocto) 4.1 3.3
iii) Other birds? 7.4 12.4
Mammals® 9.8 20.2
Scavenged meat ' 63.4 45.9
1) Meat Scraps 47.1 35.6

ii) Domestic chicken 11.5 6.1
iii) Cattle & 4.1 3.5
iv) Fish® 0.7 0.7

2 Includes: unidentified fish (n=1)

® Includes: Indian bullfrog (n = 1).

¢ Includes: Common house gecko (n=1).

4 Includes: Moorhen (Gallinula chloropus) (n= 1), Indian Roller (Coracias benghalensis) (n= 1),
Unidentified birds (n=7)

¢ Mammals which were unlikely to be consumed as carrion. Includes: Norway rat (Rattus norvegicus)
(n=11) and Palm squirrel (Funambulus pennantii) (n=1)

fIncludes prey items that were considered to have been collected as carrion from local rubbish dumps
and slaughterhouses.

¢ Includes: Buffalo (n=2), Goat (n=3).

" Includes: Large unidentified fish skin, likely from fish market.
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1.4. Discussion

The study confirms that Black Kites have maintained extremely high breeding densities
throughout the city of Delhi, as already observed in the 1970s (Galushin, 1971). When
compared with data from other populations (reviewed in Table 2), the density observed in the
urban environment of Delhi was higher than any previously published estimate. This is then,
probably, the highest density ever recorded over a large, continuous area for any bird of prey of
this size. The capability to attain such a high population-level over such a large region is likely
to be promoted by a combination of at least three factors. (1) First, the rubbish management
plans of such a rapidly developing mega-city are inevitably poor, which results in a network of
enormous, legally-authorized rubbish dumps coupled with hundreds of smaller, and often illegal
sites where garbage is dumped daily. At an even finer-scale, private individuals, families and
shops often leave their daily garbage directly in the streets, resulting in a network of ephemeral,
small piles of food. In turn, these must promote large populations of potential prey species, such
as rats and pigeons. All the above, coupled with the high abundance of meat and fish shops
throughout the city, sets an ideal scenario of enormous food availability for an opportunistic
predator and facultative scavenger. (2) Second, the attitudes of local people towards kites, and
wildlife in general, are extremely positive and tolerant, even despite the fact that some kites can
be very aggressive in defending their nest against nearby passers-by. I am not aware of any
cases of persecution of kites in Delhi, which is confirmed by the relative absence of fear of
humans shown by most kites in comparison to European conspecifics. (3) Third, the city
provides an environment with a low abundance of potential predators. The only potential nest
predators known to occur locally are Indian Eagle Owls Bubo bubo bengalensis, House Crows

Corvus splendens and Rhesus Macaques Macaca mulatta. The latter two species can be locally
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abundant, but are often deterred by the very aggressive and effective nest defence behaviour of

parent kites.

When compared to historical records, the high density record seemed remarkably stable over
several decades. However, rapid city-wide surveys and data from the New Delhi Zoological
Park suggested much higher current densities than had been observed previously (Desai &
Malhotra, 1979; Galushin, 1971; see Table 2). This likely resulted from the enormous changes
in the city’s dimensions, population size and management, although, the overall density of the
NZP area (3 km? area which included 40 acre of NZP) remained stable. In a way, the differential
sectoral development in the city tends to do both, support or reduce kite density, depending
upon local development and juxtaposition of favourable habitat patches and food resources.
Such positive overall status is in place despite the recent, virtual extinction of the locally
abundant populations of a potential trophic competitor, the White-rumped Vulture Gyps
bengalensis, the former primary scavenger (Naoroji, 2006; Prakash et al., 2003). The kite

population thus seemed very resilient to change in terms of overall density.
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Table 2. Breeding density and nest spacing of Black Kite populations in Europe and India
(Delhi), 1966-2015. Density was expressed as territorial pairs/10 km? for clarity of presentation.
The 2013 - 15 data from the current study are presented twice in the table: (i) for the whole
study area, i.e. representative of the whole Delhi population; and (b) for the high-density sector
of the New Delhi National Zoological Park (NZP), in order to make them comparable to
historical data from the 1970s by Malhotra (2007).

Nearest
Area (period) Habir ety neighbour
meters (n)
Delhi, India (2015)"7 U 170 (231) ]
NZP, India (2015)"7 U 1093 (70) ]
Delhi, India (2014)"7 U 183 (157)
NZP, India (2014)"7 U 1183 (71) ]
Delhi, India (2013)"7 U 150 (244) 133 (207)
Delhi, India (1967-1969)° U 161 (~560) -
NZP, India (1979)'¢ U 250 (18-21) ]
NZP, India (2013)"7 U 870 (70) i
Matas Gordas, Spain (1987-1989)!° M 70-150 (21-45) -
Matas Gordas, Spain (1992-2000)"° M 100.8 (515) -
Dofiana, Spain (1981-1984)° M 26.7 (80) 206 (47)°
RBD, Spain (1989-2000)'% M 15.1 (1059) i
Lac Leman, Switzerland (1975-1990)' F 10.1 (319) -
Neuchatel, Switzerland (1968)° FL 7.1 (337) -
Lorraine, France (1966)! WP 4.5 (66) -
Rhone Plain, France (1970)° RP 60.9 (140) -
Limousin, France (1976-1978)* PW 1.0 (21) -
Lake Lugano, Italy (1992-1996) '3 WL 2.4-3.8 (27-41) 441 (175)
Lake Lugano, Italy (1992-2003) '3 WL 2.9 (365) i
Lake Maggiore, Italy (1996-2000) ' WL -(24) -
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Lake Como, Italy (1996-2000) 14 WL 4.7 (40) -

Lake Iseo, Italy (1996-2000) '* WL 3.5 (48) -
Lake Idro, Ttaly (1997-2001) 14 WL 6.7 (37) i
Lake Garda, Italy (1997-2000) !4 WL 1.5 (18) -
Sarca Valley, Italy (1997-2003)' WL 1.3 (88) -
Castelporziano, Italy (1991-1992)° WF 3.3(16) 103 (16) °
Monti della Tolfa, Italy (1973-1980)’ WP 0.5 (42) -
Costance Lake, Germany (1968-1969)? FL 1.9-2.2 (25-30) -
Droémling, Germany (1993-1994)! F 0.7 (8) 2330 (8) ©
Brandenburg, Germany (1979)° F 0.7 (215) -

® Estimate from Bustamante & Hiraldo (1990), for the period 1985-1988.

b Refers to a single colony.

¢ Calculated from the published map.

U: Urban, M: Marshland, FL: Farmland & Lake, WL: Woodland & Lake, F: Farmland, WP:
Woodland & Pasture, WF: Woodland & Farmland , FL: Farmland & Lake, PW: Pasture & Woodland,
RP: River Plain

'Thiollay 1967, *Heckenroth 1970, *Galushin 1971, *Nore 1979, *Sermet 1980, *Fiuczynski 1981,

"Petretti & Petretti 1981, ®Hiraldo ef al. 1990 , °De Giacomo ef al. 1993, '"Vifiuela et al. 1994,
"Henrioux & Henrioux 1995, ?Seelig e al. 1996, *Sergio & Boto 1999, '“Sergio et al. 2003, SSergio
et al. 2005, '*Malhotra 2007, '"This study

The laying season was protracted over almost four months, probably as a result of the long
period of warm, favourable weather and of the stable food supply provided by the urban
environment (Fig. 3). The temporal peak and range of laying dates seemed to be arranged so
that most nestlings fledged well before the high temperatures and the marked peak in
precipitation caused by Monsoon rains in July-August (Fig. 3). The negative effect of high
temperatures and rainfall on kite foraging performance, egg viability and breeding success has
been reported for various European populations (Hiraldo et al., 1990; Sergio, 2003; Vifiuela,
2000). The observed, lengthy range of laying dates compares to a duration of the laying season

of 28 days for kite populations of the Italian Alps and to 2.8 months for the population of Dofiana
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National Park, in the extreme south of Europe (F. Sergio, pers. data). This suggests a North-
South latitudinal gradient in the length of kite breeding seasons. Protracted breeding seasons
are increasingly reported as progressively more studies of birds of prey are conducted in tropical

or more southern latitudes (e.g. Ogada & Kibuthu, 2012; Simmons, 2000).
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Fig.3. Mean temperature, monthly rainfall and Black Kite laying frequency in 2013 in Delhi
(data from: http://amssdelhi.gov.in/climatology/sfd1.htm ).

When compared to other populations (review in Table 3), my estimates of breeding success
were lower than in other studies and this may be a consequence of density-dependent processes
in a crowded, saturated population (e.g. Newton, 1998). The fact that similarly low levels of
reproduction were reported for another saturated population (Dofana, Sergio et al., 2011) lends
support to this impression (Fig. 4). However, in the absence of more information, other

alternative explanations cannot be discounted: for example, it is not known whether a diet based
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largely on rubbish and meat produced for human consumption could spread pathogens or toxic
substances among the offspring. In addition to this, I observed considerable loss of chicks during
the 2015 season to avian pox, a disease which only affects the nest bound offsprings. Nine out
of 10 nests, with fledglings having cases of avian pox (late April 2015) in NZP, suffered
eventual failure. This was likely caused by the heavy and abrupt downpour in March 2015 which

increased the population of insect vectors of the disease (Unpublished, camera trap data).
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Fig.4. The relationship between the nest density of Black Kite populations in Asia and Europe,
and the mean breeding success over several years.
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Table 3 Productivity of Black kite populations in Europe and Asia, 1966-2015. The 2013 -18 data trom the current study are

presented twice in the table: (i) for the whole study area, i.c. representative of the whole Delhi population; and (ii) for the high-density

sector of the New Delhi National Zoological Park (NZP), in order to make them comparable to historical data from the 1970s by Desai

& Malhotra (1979).

Area (period) Habitat (n) Clutch size Hatching success * Breeding Mean number of fledged
(cggs) success young
territ(')rial breec?ing succgssful
pair pair pair

Delhi, India (2013-2018)" U (780) 2.13(521)° 84% (521)" 39.49% 0.62 0.89(521)" 1.33(308)"
Delhi, India (2015)"! U (212) 2.14 (193) 65.9 % (106)"° 39.2% - .
Delhi, India (2014)" U (157) - - 55.5% - - -
Delhi, India (2013)"! U (151) 2.09(100)® 68% (157)° 48% 0.73 1.09(100)°  1.52(72)°
NZP, India (1973-1976) U (45) 2.3 (60)° 55% (102)° - 0.98 - -
NZP Park, India (2013)" U46) 2.04 (36) 62% (55)"° 59% 0.78 0.95 (38)> 1.44 (25)°
RBD.Spain (1989-2000) ' WL(1059) 2.02 67.4 % (416) 41% 0.59 0.71 143
Matas Gordas, Spain GM(515) 2.12 70.3 % (232) 44% 0.61 0.85 1.46
(1992-2000) '
Germany (1992-1995)" -(599) - - 79% 1.63 - 2.07 (471)°
Limousin, France (1976-1978)° PW (22) - - 68% - 1.32 1.93 (15)®
Berlin, Germany (1940-1979)" F(215) - - 62% 1.20 1.90 (133)"
Lake Lugano, Italy (1992-1996)° WL (143) 229 42)" 84% (96)" 55% 0.97 1.1 (95> 1.78(78)°
Lake Lugano, Italy (1992-2003)" WL (315) 23 74 % (88) 50% 0.90 1.24 1.80



ce

I.ake Maggiore, Ttaly (1996-2000) ' WL (30)

Lake Como, Italy (1996-2000) '° WL (40)
Lake Iseo, Italy (1996 2000) '° WL (48)
Lake Idro, Italy (1997-2001) i WL (37)
Lake Garda, Italy (1997-2000)'° WL (18)
Sarca Valley, Italy (1997-2003)'" WL (88)
Slovakia (1975-1989)° -(162)

I.ac I.eman, Switzerland FL.(163)
(1975-1990)*

Lorraine, France (1966)" WP (66)
Nagasaki, Japan (1983-1986)° FP (32)

2.26 (435)°
2.18 (28)°

79% (61)°

50%
48%
38%
59%
44%
40%

T15%

0.87
0.75
0.48

1.05
0.83

0.63

1.32

1.00

- 1.73

- 1.58

- 1.10

- 1.63

- 2.14

- 1.62
2.31 -
2.02 -
1.58 (35)" -

1.14 (28)"  1.33 24)"

* Data on hatching success not shown in table: 75% (N = 36 eggs from 14 nests, Hakel, Germany, 1957; Stubbe 1961) and 64% (N = 28 eggs from

10 nests, Lazio, Ttaly, date unknown; Petretti 1992).

® Sample size (when different from that in column “Habitat (n)™).

¢ Data also from Mammen & Stubbe (1995, 1996)

U: Urban, GM: Grassland & Marshland, FL: Farmland & Lake, WL: Woodland & Lake, F: Farmland, WP: Woodland & Pasture, FL: Farmland &

Lake, PW: Pasture & Woodland, FP: Fishing Port

"Thiollay 1967, *Desai & Malhotra 1979, *Nore 1979, *Fiuczynski 1981, Danko 1989, °Koga et al. 1989, "Gedeon 1994°, *Henrioux & Henrioux
1995, “Sergio & Boto 1999, “Sergio et al. 2005, *This study



Finally, the observed diet composition confirmed the full dependence of the local kite
population on urban resources, such as meat scraps from slaughterhouses or prey species which
were extremely abundant within the city, such as rats, feral pigeons and wild dove species. The
current picture of the diet does not suggest that kites range frequently, if at all, out of the city to
capture wild prey in surrounding rural areas. This confirms that the high density attained within
the urban setting is promoted by attraction to a dense food source. Regarding the estimates of
various prey components of the breeding kites’ diet (Table 1), it must be noted that
representation of boneless meat chunks are unlikely to be justified by opportunistic sampling of
prey remains. Therefore, our estimates must be treated as cursory, with scope of improvement
by deployment of trail cameras which can monitor nest activities 24 x 7 (see Chapter 5). Use if
cameras would address the likelihood of bias in context of meat chunks, which did not leave

any remains for us to factor in the diet analyses.

In summary, extensive foraging opportunities, a stable favourable climate, absence of
human persecution and low density of potential predators have probably contributed to one of
the densest raptor populations of the world. The current conservation status of the studied
population seems satisfactory, but recent urban development is causing extreme and almost
complete removal of mature trees in some sectors of the city. In turn, this could limit the kite
population in the future, or trigger local declines and re-distributions, especially when
considering that artificial structures do not seem to fully compensate for the absence of trees
(Fig. 1, Chapter 5). Thus, given the abundance of the species and the current urban sanitary
levels, the ecological service provided by kites through removal of organic rubbish must be

valuable, suggesting the need for ecologically sensitive urban planning of the remaining green
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areas. This calls for the importance of continued monitoring of the population and its nesting

requirements in future years.
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Abstract

Research in urban ecology is growing rapidly in response to the exponential growth of the urban
environment. However, few studies have focused on tropical megacities, and on the interplay
between predators' habitat selection and human socio-economic aspects, which may mediate
their resilience and coexistence with humans. We examined mechanisms of breeding habitat
selection by a synanthropic raptor, the Black Kite Milvus migrans, in Delhi (India) where they
mainly subsist on: (1) human refuse and its associated prey-fauna, and (2) ritualised feeding of
kites, particularly practiced by Muslims. We used mixed effects models to test the effect of
urban habitat configuration and human practices on habitat selection, site occupancy and
breeding success. Kite habitat decisions, territory occupancy and breeding success were tightly
enmeshed with human activities: kites preferred areas with high human density, poor waste
management and a road configuration that facilitated better access to resources provided by
humans, in particular to Muslim colonies that provided ritual subsidies. Furthermore, kites bred
at 'clean’' sites with less human refuse only when close to Muslim colonies, suggesting that the
proximity to ritual-feeding sites modulated the suitability of other habitats. Rather than a
nuisance to avoid, as previously portrayed, humans were a keenly-targeted foraging resource,
which tied a predator's distribution to human activities, politics, history, socio-economics and
urban planning at multiple spatio-temporal scales. Many synurbic species may exploit humans
in more subtle and direct ways than was previously assumed, but uncovering them will require

greater integration of human socio-cultural estimates in urban ecological research.

Keywords: Urban ecology; Food subsidies; Muslim; Ritual feeding; Synurbic; Urbanization
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A view from a Black Kite nest on a pylon in Delhi, depicting the selection pressures offered by steep habitat edges (Chapter 2 and 5).



2.1. Introduction

Urban ecosystems are spreading rapidly, with more than 50 % of the global human population
currently concentrated in cities, a figure estimated to reach 66 % by 2050 (United Nations,
2014). Ninety-eight percent of this net increase is expected to happen in cities in developing
countries (Grimm et al., 2008), so that by the middle of the 21% century 75 % of urban dwellers
will be located in Asia and Africa (Anonymous, 2016). Such urban sprawl has well-
demonstrated ecological consequences, including disruption of energy flow and nutrient cycles,
habitat degradation, increased carbon emissions, and the extinction of many species (e.g.
McKinney, 2010; Pickett et al., 2001). Nevertheless, some animal species have managed to
adapt and thrive under such conditions (Lepczyk et al., 2017). Some, for example, can take
advantage of human waste and reach densities that are not otherwise encountered (Brook et al.,
2003; Gangoso et al., 2013; Inger et al., 2016). These urban exploiters are often alien invaders
seen as ‘nuisances to eradicate’ (e.g. Belant, 1997; Brook et al., 2003; Kurosawa et al., 2003),
but can also be native species that have co-existed with humans for millennia, and so are pre-
adapted to urban conditions and appreciated for their cultural significance (reviews in Hosey &
Melfi, 2014; Soulsbury & White, 2015). Studying these synanthropic species is important for
several reasons. First, they offer unique insight into the capacity of animals to withstand and
even exploit human activity, thus adapting to a growingly urban world. Second, their abundance
and frequent commensalism with humans makes them an integral part of the human cultural
landscape, potentially making them important components of people’s sense of connection with
nature (e.g. Cox & Gaston, 2016; Fuller et al., 2012; Nilon, 2011). Third, many of them are
facultative scavengers that subsist on animal carrion and human waste, thus providing

fundamental ecosystem and sanitary services, as well demonstrated in urban and rural
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environments (e.g. Gangoso et al., 2013; Inger et al. 2016; Margalida & Colomer, 2012; Mole6n
etal., 2014). Fourth, they are often dominant components of the community, potentially limiting
other species, and thus contributing to faunal homogenization (Carey et al., 2012; McKinney,
2006; Shochat et al., 2010). Finally, these species could indicate the future behavioural and
demographic characteristics of exotic urban invaders when they reach a mature stage of
colonization. However, despite all the above, relatively few intensive studies have centred on

these ‘synanthropic’ urban exploiters (e.g. Marzluff et al., 2001; Parker & Nilon, 2012).

While research on urban ecology grows exponentially (e.g. Mayer, 2010), several areas have
received limited attention. In particular, there is a paucity of intensive studies conducted in
tropical regions (a severe deficiency highlighted by many reviews, e.g. Chace & Walsh, 2006;
Magle et al., 2012; Marzluff, 2016), despite the fact that urbanization will be heavily
concentrated in such areas over the coming decades (Malakoff et al., 2016). Scarce research
attention has also been devoted to megacities (cities with > 10 million inhabitants), most of
which are themselves concentrated in developing tropical countries (Grimm et al., 2008;
Malakoff et al., 2016). Furthermore, few studies have focused on facultative scavengers or top
predatory species, probably because much of the urban fauna is dominated by small species
with diets dominated by plant material (e.g. Evans et al., 2011). Finally, despite the obvious
significance of humans to the very existence of the urban environment, remarkably few authors
have either incorporated human socio-economic factors as an integral component of their
ecological research (e.g. Grimm et al., 2000; Liu et al., 2007), or focused on habitat selection
by individual animals, which may yield important insight into mechanisms of resilience

enabling close coexistence with humans.
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To contribute to these overlooked areas, we examined habitat selection by a synanthropic
native top predator in the tropical megacity of Delhi, India, currently the second most populous
city in the world. Here, we demonstrate that its habitat choices are tightly intertwined with
human activities, including specific socio-religious practices, which greatly influence the spatial
distribution of food subsidies.

2.2. Materials and Methods

Model species

The Black Kite Milvus migrans (hereafter kite) is a medium-sized opportunistic raptor, widely
distributed throughout Eurasia, Africa and Australia, and considered as the most successful
raptor in the world. In India, the native, resident subspecies M. m. govinda is synurbic (Francis
& Chadwick, 2012), i.e. occurring almost exclusively in close association with humans in towns
and cities (Naoroji, 2006). In Delhi, kites breed on both trees and artificial structures (pylons,
towers), sometimes forming loose colonies and locally reaching extremely high densities,
thanks to the exploitation of human food subsidies facilitated by inefficient refuse disposal and
by religious kite-feeding practices (Kumar et al., 2014; see details below). These large-scale
subsidies may explain Delhi’s capacity to host what is probably the largest raptor concentration

in the world (Galushin, 1971; Kumar et al., 2014).

Study Area
Delhi is a megacity of more than 16 million inhabitants, currently covering an area of 1500 km?

and in constant, rapid expansion (http://censusindia.gov.in/2011census). It is polycentric and

heterogeneous, with a multitude of urban configurations, which make it difficult to establish a

linear urban-rural gradient. The climate is semi-arid, with a mean annual precipitation of 640
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mm, mainly concentrated in July and August during the monsoon season. Temperature ranges
from a minimum mean value of 8.2°C in the winter to a maximum mean value of 39.6° C during

the summer (see http://amssdelhi.gov.in/climatology/sfd1.htm). The vegetation of the general

region falls within the ‘northern tropical thorn forest’ category (Champion & Seth, 1968).

Two aspects of Delhi are important for kite foraging. First, large portions of the city are
characterized by poor solid waste management, which affords plenty of food to kites in the form
of carrion or refuse, and its associated prey-fauna (e.g. rodents, pigeons etc.). Second, many
people engage in the centuries-old religious practice of feeding meat scraps to kites (hereafter
termed “ritualized-feeding”) typically offered by throwing meat into the air for the birds to
catch. These offerings are made for a variety of reasons, such as asking for blessings and relief
from sins and worries (Pinault, 2008; Taneja, 2015). Whilst meat-offering is practiced by a
number of communities, in Delhi, it is especially prevalent amongst members of the Muslim
faith, whose numbers are concentrated in well-defined portions of the city (hereafter “Muslim
colonies”). In these areas, ritualized-feeding is operated both by private individuals, and as
public events, typically around mosques, where large quantities of meat are tossed to kites at
predictable hours each day, sometimes causing hundreds of kites to congregate. Thus, waste
management issues common to all communities, and cultural rituals which are more specific to

some, generate spatial heterogeneity in the potential food availability for kites.

Field procedures
We surveyed kite nests systematically over the four years 20132016 at 24 plots of 1 km?. These
were plotted strategically within Delhi (1500 km?) so as to cover all its possible urban settings,

from semi-natural to extremely built-up sites (details in Kumar et al., 2014). This resulted in a
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sample of 154 nests, each from a different territory, used at least once for breeding between
2013 and 2016. Nests were checked every 7-10 days until the chicks were at least 45 days old,
in order to estimate the number of young raised to fledging (chicks fledge when about 48 days

old; see Kumar et al., 2014 for further details of nest checks and surveys).

Breeding site characteristics
To investigate nest-site selection, we compared the urban, human and environmental variables
collected at the 154 nests (see below) with those collected at an equal number of random
locations, generated through ArcGIS 10.0 as follows. For each sample plot, we drew a circle of
5 km-radius centred on its barycentre (arithmetic centre of its outline-corners, as calculated by
ArcGIS 10.0) and plotted within it a number of random locations equal to the number of real
nests censused in that plot (i.e. if a plot contained X nests, we plotted X random locations within
its 5 km radial area). The radius of 5 km was chosen because floating, pre-breeding kites
frequently prospect 7-10 km wide areas when choosing where to settle to breed (Tanferna et
al., 2013; authors’ unpubl. GPS-data). Thus, we assumed that each individual could compare
the habitat configuration of the location eventually chosen with potential, alternative sites within
a 5 km radius, an area that would be easy to observe in its entirety by a high circling kite on a
clear day. Once plotted by GIS, we: (1) visited each random location using a handheld GPS;
and (2) repositioned the location on the nearest tree or artificial structure judged capable of
supporting a kite nest (e.g. with a sufficiently high, solid fork, based on our previous experience
in observing hundreds of kite nests).

The variables recorded at each nest or random location are detailed in Supplementary

Resource 1 Table Al, they were devised on the basis of our knowledge of local kite ecology,
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and measured vegetation, urban and human features at three “scales”. The “nest area” scale
estimated the characteristics of the potential nesting tree or artificial structure and its immediate
surroundings, such as the height of the nesting structure, woodlot size, or whether the nesting
tree was isolated or in a hedgerow, parkland or woodlot (Supplementary Resource 1, Table A1).

3

The “landscape scale” (hereafter “urban scale”) measured the urban configuration and
landscape structure within 500 m of each sample location, such as indices of road and building
density, or percentage and diversity of land-cover types (Supplementary Resource 1, Table A1).
It also included the proximity to potentially important features, such as roads, water or rubbish
dumps. The 500 m radius was arbitrarily chosen because this is the area around the nest most
intensively patrolled for hunting by breeding individuals, especially females, based on intensive
observation of focal pairs. Finally, the “human scale” provided direct and indirect estimates of
human activities and practices, such as distance to Muslim colonies, efficiency of waste
management, or human density. Several of these variables directly or indirectly estimated the
potential access of kites to different types of human subsidies, as detailed in Supplementary
Resource 2. Nest-area characteristics were measured in the field with a metric tape. Measures
of proximity and surface cover, such as distance to roads or woodlot size were assessed in
Google Earth Pro and ArcGIS 10.0. Human variables, such as hygiene score or human density,

were recorded through ground surveys and interviews with local people (see Supplementary

Resource 2 for details).

Statistical Analyses
We used t-tests and 7 tests to explore differences between kite nests and random locations. We
then employed a mixed model logistic regression (Zuur et al., 2009) with a backward stepwise

procedure to examine the nest-area, urban and human factors (Supplementary Resource 1, Table

48



Al) discriminating between kite nests and random locations. Of the total 308 available
locations, we randomly selected 100 nests and 100 random sites for model building, and
employed the remaining 54 nests and 54 random locations for model validation (Fielding &
Haworth, 1995). Because multiple nests and random locations were drawn from the same plot
and its surroundings, and thus were closer to each other than those from other, more distant,
sample plots, plot ID was added as a random factor.

To reduce collinearity and the number of variables presented to the logistic regression, we
employed the method of variable reduction proposed by Green (1979) and commonly employed
in habitat selection studies (e.g. Austin et al., 1996; Soh et al., 2002). In this method, pairs of
strongly inter-correlated variables (r > 0.60) are considered as estimates of a single underlying
factor, and only one of the two is retained for analysis, usually the one likely to be perceived as
more important by the study organism. Collinearity was subsequently checked further by
examining the variance inflation factors (VIF) of the explanatory variables, which were always
low (< 2; Crawley, 2007; Zuur et al., 2009).

Some of the kites of our study population were GPS-tagged as part of a parallel study on
their movement ecology. Because these individuals visited multiple Muslim colonies, and
because large numbers of kites (e.g. > 100) were seen to assemble during ritual-feeding
episodes, suggesting congregation from distant sites, we decided to estimate the distance of each
nest or random location from multiple Muslim colonies. When we compared such distances
between nests and random points in exploratory analyses, kites seemed to over-select sites
closer than available to the 1st, 2nd and, possibly, 3rd closest colony, after which the difference
became unimportant (Supplementary Resource 3). Thus, to provide a comprehensive measure

that integrated the proximity to the three nearest Muslim colonies with their human population
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density (under the assumption that higher rates of refuse and ritualized-feeding should occur in
denser colonies), we extracted the first component of a PCA (Tabachnick & Fidell, 1996) run
on these four aforementioned variables. It’s PC1 (hereafter “access to Muslim subsidies”: see
Supplementary Resource) explained 65 % of the variance and had a high positive loading on
Muslim population density and high negative loadings on the distance to the 1st, 2nd and 3rd
closest Muslim colonies. Thus, it provided an increasing index of access to abundant “Muslim
subsidies” and was fitted to all models (Supplementary Resource 1, Table A3).

To gain a deeper understanding of habitat quality available to kites, and to test whether the
observed habitat choices were adaptive (e.g. Clark & Schutler, 1999; Sergio et al., 2003), we
used linear mixed models. These again used plot ID as a random factor and tested the effect of
the same set of variables presented to the habitat selection logistic model on both the number of
years that a territory was occupied and on the cumulative number of fledglings that it produced
between 2013 and 2016. We predict that territories that were more frequently occupied were of
higher quality and thus were more attractive to kites, as has been demonstrated in other avian
species, including other kite populations (review in Sergio & Newton, 2003).

All multivariate models were built by a frequentist approach through a backward stepwise
procedure following Zuur et al. (2009): all explanatory variables were fitted to a maximal model,
extracted one at a time from the maximal model, and the associated change in model deviance
was assessed by the significance of a likelihood-ratio test; the procedure was repeated until we
obtained a final model which only included significant variables (LRT, Zuur et al., 2009). To
avoid over-parameterization, we ensured never to fit more than N/3 variables to each maximal
model, where N is the sample size of the analyzed dataset (Crawley, 2007). Interactions were

fitted only when we had a priori hypotheses about their potential effect, based on our field
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observation and knowledge of the population. In particular, we hypothesized that the selection
of green cover, urban cover or hygiene level could be conditional upon proximity to Muslim
subsidies, because the latter could affect habitat and food profitability. We also hypothesized
that the preference for a low level of hygiene (i.e. for high human waste availability) could
depend on human density and vice versa, and thus fitted the interaction between hygiene score
and human density. Model assumptions were checked by investigating QQ plots, histograms
of residuals, and plots of standardized and normalized residuals against fitted values and against
explanatory variables (Crawley, 2007; Zuur et al., 2009). All GLMMs were implemented in
R.3.0.2 (R Development Core Team 2009). When necessary, variables were logarithmically, or
arcsine square root transformed in order to achieve a normal distribution. All tests are two-

tailed, statistical significance was set at o < 0.05, and all means are given + 1 SE.

2.3. Results

In univariate tests (Supplementary Resource 1, Table A2), at the nest-area scale, kites did not
prefer trees over artificial structures, although most nests (87 %) were built in trees. There was
also no clear preference for tree species, with kites opportunistically using 13 different tree
species (Supplementary Resource 4). Instead, they seemed more selective of the arrangement
of trees, over-selecting woodlots and parklands rather than single trees or lines of trees (Fig.
la). Also, when they nested in woodlots, they selected larger woodlots than the average
available (Supplementary Resource 1, Table A2). At the urban scale, kites preferred sites with
lower human housing densities, lesser extents of built-up surfaces, higher availability of roads
and woodland, and higher habitat diversity (Supplementary Resource 1, Table A2). Finally, kite

nests differed from random locations for all human variables. Compared to availability, nests
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had higher access to Muslim subsidies, higher density of Muslim inhabitants, higher human
density in the streets and greater quantities of anthropogenic refuse (Supplementary Resource

1, Table A2).
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100 random locations (white bars) in Delhi (India).

53



ORandom sites @ Nest sites

g 10
E
S 05
g
é 0.0
-
e ..
= -05
w1
o
>4
«< -1.0
-1.3
=20
25 7T T T T T T T T 1
-8 5 15 25 35 45 35 65 75
% green cover within 500 m
a.
50 4
as O Random sites
W Nest sites
g 40 4
=)
e 35 -
c
= 30 A
=
3 25 -
S
o 20 4
(¥
g 15 -
L
g 10 A
5 -
Q r -
<-1 -1-0 0-1 >1
Access to Muslim colonies

Fig. 2. Urban kites in Delhi selected sites for which access to Muslim colonies and vegetation
cover positively covaried (panel a). Thus, they over-selected areas with abundant vegetation
close to dense Muslim colonies, but avoided them when far from Muslim colonies (panel b).
Access to Muslim colonies was estimated by means of a principal component analysis (see
Methods) and portrayed as a categorical progression in panel b for clarity of presentation. Error
bars represent 1 SE, black points/bars portray kite nests and white points/bars represent random
locations.

54



0O Random sites

0.7 1 M Nest sites
wn
=
E 0.5 -
=]
L
E 03
)
=
= 0.1 A
£
n
§ -0.1 -
[
-0.3 -
-0.5 :

More hygienic Less hygienic
Hygiene score

Fig. 3. Access to dense Muslim colonies was higher at Black Kite nests (black bars) than at
random locations (white bars) when local hygiene levels were high, while inefficient refuse
disposal (i.e. low local hygiene) “released” kites from dependency on Muslim ritual subsidies.
Error bars represent 1 SE.

According to the logistic model discriminating between kite nests and random locations
(Supplementary Resource 1, Table A3a), kites preferentially selected sites in woodland, with
higher road density, with less urban cover and greater woodland extent at the landscape scale,
with higher human densities in the streets, lower hygiene levels and greater access to Muslim
subsidies (Fig. 1 a, b). The interaction of access to Muslim subsidies with hygiene score and
with woodland land-cover also entered the model (Supplementary Resource 1, Table A3a): first,
low-refuse sites were selected if found close to Muslim colonies, while locations with much

refuse were targeted when far from Muslim subsidies (Fig. 3). Second, large woodland extents
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were preferred close to Muslim colonies but avoided when far from them (Fig. 3a, b). The
logistic model performed well when reapplied on both the training and validation datasets: it
correctly reclassified 87 % of the 200 locations used for model building (87 % of 100 nests and
87 % of 100 random sites), and 82 % of the 108 locations set apart for validation (97.4 % of 54
nests and 74.1 % of 54 random sites).

Finally, both territory occupancy and breeding output were higher for territories with higher
access to Muslim subsidies, and for those located in parkland and woodland (Supplementary

Resource 1, Table A3b, c).

2.4. Discussion
Our study offers a clear example of cities as complex ecosystems that link society and biota at

multiple spatio-temporal scales. In particular, integrating human activities and practices with
ecological processes at vast spatial scales allowed us to investigate resources which would have
otherwise been missed by conventional ecological analyses of urban land-cover. This reinforces
the call for improved integration of socio-economic approaches to urban ecology, which will
often require a reconceptualization of humans and their activities (Esbjorn-Hargens &
Zimmerman, 2009; Grimm et al., 2008; Pickett et al., 2001; Warren & Lepczyk, 2012).
Furthermore, the high predictive power of our logistic model of nest-site selection highlighted
the importance of habitat models as potential conservation tools for urban planning (for
integration of modelling and conservation in urban settings, see examples and reviews in
Gordon et al., 2009; Kowarik, 2011; Lepczyk & Warren, 2012; Lerman et al., 2014).

Overall, our model suggested that Delhi Black Kites selected several socio-ecological
features at multiple scales, from local tree-arrangement, to neighbourhood-level landscape

structure, to the larger-scale spatial zoning of access to subsidies provided by human socio-
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religious practices (see below). Thus, the city was not homogenous in its suitability for kites, as
might be assumed from their apparently constant presence throughout the city (e.g. Galushin,
1971), which is typical of many facultative scavengers and synurbic species capable of
consuming human waste (e.g. Brook et al., 2003; Sorace, 2002). On the contrary, kites avoided
monotonously built-up portions of the city and over-selected sites with the following, very
specific urban templet.

First, our model suggested that, compared to availability, kites over-selected woodland
patches and avoided isolated trees or lines of trees. Woodlots may allow a more favourable
micro-climate in a hot tropical city (e.g. Wang et al., 2015).They may also provide higher nest-
site availability and thus accommodate a loose kite colony, with consequent potential
advantages in turn of conspecific cueing to locate food (e.g. Valone & Templeton, 2002;
Danchin et al., 2004), likely to be important in this species (Sergio, 2003; Sergio & Penteriani,
2005) and in this population in particular (see below). The fact that the rate of selection
increased from single trees (strongly avoided), to lines of trees (moderately avoided), to
parkland (used as available) and then woodland (Fig. 1a) conforms to a progression of attraction
to structural arrangements facilitating increasing levels of conspecific proximity. A preference
for large patches of parkland and woodland has previously been demonstrated for other raptors
inhabiting urban areas (e.g. Hogg & Nilon, 2015; McPherson et al., 2016; Morrison et al., 2016)
and confirms the importance of the abundance and arrangement of green vegetation for urban
biota (Lepczyk et al., 2017).

Second, while kites avoided high rates of built-up land cover, they simultaneously selected
areas with high road and human density. Because human density was assessed in the streets, it

equated to an index of human traffic and street-activity, and because refuse is often disposed of
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by people in a disorganized and unpredictable manner in Delhi, high levels of human activity
in the streets likely implies more waste accumulation in these areas. This may provide food
directly for kites or for co-occurring species that may in turn represent live prey for kites, such
as small mammals or pigeons. Thus, kite’s habitat decisions seemed to be set not simply on
human density per se, which would probably be higher in densely built-up areas (actually
avoided), but more specifically on a high density of roads with intense human activity. In this
sense, urban configuration was important as it ‘structurally’ mediated the kites’ access to the
functionally relevant portion of the human population. In agreement with this interpretation, we
have frequently observed hunting kites quartering over roads, or moving through a series of
dominant perches, intently ‘observing’ human traffic in the streets below. Furthermore, the
kites’ preference for neighbourhoods with less efficient waste management further reinforced
the idea that the link with human street-activities was ultimately aimed at refuse exploitation.
These analyses confirm the need to integrate conventional variables describing the urban
landscape with more direct measures of human activities and practices, as highlighted by
various authors (e.g. Alberti, 2008; Grimm et al., 2008; Pickett et al., 2001; Warren & Lepczyk,
2012).

Third, kites over-selected sites that allowed ready access to multiple Muslim colonies, i.e. to
concentrations of people whose activities increased the availability of easy food. While several
previous studies have investigated the effect of human subsidies on urban taxa, they have
usually focused on garden-feeding operated by citizens of the northern hemisphere as a leisure
activity (e.g. Cox & Gaston, 2016; Fuller et al., 2012; Lepczyk et al. 2012). In our case, the
spatial association of ritualized-feeding with certain religious communities completed the

picture of these previous studies by adding a further socio-cultural component, which strongly
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characterizes the urban settings of large portions of southern Asia (see also Keniger et al., 2013).
In our specific case, the ritual of tossing meat to kites, which is a widespread practice operated
daily at predictable public sites, especially among members of the Muslim communities, has
probably generated a mosaic of patches with high input of human subsidies. In agreement with
this, our GPS-tagged kites regularly visited these sites with very deliberate-directed journeys to
them and large numbers of kites, sometimes into the hundreds, were regularly seen to gather
quickly during ritual-feeding episodes. However, this high level of congregation may also
enhance competition, lowering the predictability of successful access to the subsidy at the
individual kite level. This may explain the preference for proximity to multiple Muslim
colonies, each one with multiple ritual-feeding sites, as this will allow each individual dozens
of daily opportunities to access subsidies. Furthermore, strategic positioning of the nest within
1-2 km of multiple Muslim colonies may allow kites to spot flocks of conspecifics exploiting
feeding-rituals, which are conspicuous even to humans, and to join them rapidly through
conspecific cueing, as reported for kites in more natural environments (e.g. Sergio, 2003). Note
that the ability to exploit sudden flushes of easy food is one of the defining characteristics of
this highly opportunistic species even in rural settings (Blanco, 1997; Viifiuela, 2000), an ability
which may have further pre-adapted it to life in a megacity. The above described coincidence
of resource predictability, opportunism, high sociality, and high visibility of conspecific
behaviour represents a typical scenario for the evolution of behavioural strategies based on
conspecific cueing and attraction (e.g. Danchin et al., 2004; Valone & Templeton, 2002). The
advantages described above were confirmed by the higher occupation rate and breeding output
of territories in proximity to multiple Muslim colonies, which suggested that these sites were

attractive to kites, that they contributed a disproportionate number of fledglings to the

59



population, and that the observed habitat choices were adaptive in terms of offspring production
(i.e. over-selection of sites which offer a reproductive reward).

Fourth, the importance of strategic proximity to Muslim colonies was further confirmed by
its interaction with other habitat features. Compared to a random distribution, kites over-
selected sites for which green cover and access to Muslim colonies covaried positively (Fig.
2a). This implied that, close to Muslims, kites preferred neighbourhoods with abundant green
cover, which may accommodate more nests and facilitate colony-formation, with potential
benefits in terms of conspecific cueing (e.g. being alerted of the start of feeding-rituals by the
departure of nearby conspecifics). Ultimately, this should allow density to be fine-tuned on food
availability (larger densities close to large food concentrations). On the contrary, in scenarios
of low food availability (low access to Muslim colonies, Fig. 2b), kites preferred sites with low
green cover, which will limit density, thus lowering competition for limited food. Furthermore,
the preference for proximity to Muslim colonies was especially pronounced in neighbourhoods
where human refuse was scarce (Fig. 3). When hygiene levels were already low, food was likely
available in the immediate nest surroundings, allowing kites to be less dependent on Muslim
colonies and to nest farther from them. These results suggest that (a) access to hotspots of
ritualized-feeding modulated the suitability of other habitats, even when these were located
kilometres away from such sites, which functionally integrated far-away components of the
urban ecosystem (see also Alberti, 2008; Grimm et al., 2000); (b) ritualized subsidies and waste
production/disposal seemed to be the two pillars that directly or indirectly permeated all habitat
preferences; and (c) kites seemed to strategically balance their access to these two factors in

their habitat choices.
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Overall, kite habitat decisions were tightly intertwined with human activities. They preferred
sites with extensive access to roads busy with humans, with inefficient waste management and
ready access to ritual cultural practices conducive to food subsidies. To date, humans have often
been seen as obstacles, threats or nuisances that animal species have to deal with in order to
‘tolerate’ urbanization (e.g. Chace & Wash, 2006; McPherson et al., 2016; Soh et al., 2002).
However, for many urban species, the attraction to an extreme anthropogenic ecosystem is
based on the exploitation of human provision itself rather than resilience to its actions, and for
some synanthropic species this may derive from millennia of co-existence with man, better seen
as an integral portion of their niche as well as a beneficiary of ecosystem services (e.g. Gangoso
et al., 2013; Marzluff & Angell, 2005). In our system, Delhi kites cannot be thought of in
isolation from humans and their voluntary and involuntary subsidies, which would qualify them
as anthropophilic and anthropo-dependent species (sensu Hulme-Beaman et al., 2016). While
the importance of human subsidies in altering the mosaic of foraging opportunities for animals
1s well appreciated (Fuller et al., 2012; Lepczyk et al., 2012; Newsome et al., 2014; Oro et al.,
2013), in our case, the subsidy-mosaic was uniquely tied to a complex array of human themes,
such as (1) the Indian-level and local-level history of Muslim displacements, which followed
India’s independence and which determined the current distribution of Muslim colonies;

(2) the global economy that drives urban sprawl, as well as the local economics of trade, which
influenced the stability of some historical Muslim colonies; (3) the municipal planning of the
currently skyrocketing urban expansion, which affects road and vegetation arrangement, as well
as the efficiency of refuse disposal; and (4) the temporal dynamicity of cultural and religious
practices, such as ritualized-feeding, which originated among Hindus but is currently prevalent

among Muslim groups (e.g. Gupta, 1998; Paul & Nagendra, 2015; Pinault, 2008; Sharan, 2014;
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Taneja, 2015). All the above tied kites’ habitat choices to the spatial end-results of human
activities shaped by history, socio-economics, politics, tradition and religion. Also, these links
acted at time scales ranging from decades to centuries and at spatial scales ranging from
neighbourhood to global. We believe that similarly tight and complex relations will apply to

many other synurbic species worldwide (Francis & Chadwick, 2012).

2.5. Conservation implications

The preference for certain amounts and configurations of woodland makes room for potential
modulation of kite density through urban planning, as proposed for crows in Singapore (Soh et
al., 2002). For example, promotion of woodlots close to areas with problematic refuse disposal
may improve the potential ecological service provided by kite consumption of organic waste, a
benefit that could be confirmed through adaptive management. Over the longer-term, waste
disposal will be likely rationalized, mechanized and often processed indoor, as progressively
legally enforced in developed countries. This will likely imply major declines in kite food
availability, which could be partly buffered by planned maintenance and promotion of ritual
feeding practices, seen as a unique connection between human culture and ecological function
in rapidly expanding urban ecosystems (see below).

The close connection of urban kites to human activities, and their wide-ranging behaviour,
typical of mobile avian predators, which tied them to far away sectors of the city, make them
an ideal indicator species that integrates processes occurring at different scales of the urban
landscape. In particular, the dependency of an urban top predator on ritual feeding, human
culture and religion, which promotes one of the largest predator concentrations in the world

(Kumar et al., 2014), could be seen as a socio-cultural and ecological uniqueness that connects
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urban dwellers with nature and has to be attentively preserved, just as an urban green space. In
this context, investigation and documentation of the socio-historical aspects and ecological
implications of ritual feeding should be actively promoted.

As any megacity, Delhi is likely to change rapidly in coming decades in terms of sprawl,
internal structure, management and culture (Grimm et al., 2008; Sharan, 2014; Srivastava,
2015). Modernization will sooner or later rationalize refuse disposal and younger generations
already seem less interested in cultural practices such as ritualized-feeding (authors unpubl.
data), which will imply major shifts in resource availability and a threat to a unique system of
human-predator coexistence. Such conundrums between modernization, improving human
conditions and protecting unique eco-cultural treasures such as the ritual feeding of kites will
be formidable challenges to urban planning for innumerable, fast-growing towns and cities of

the developing world (e.g. Gangoso et al., 2013).
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